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Intravenous leiomyomatosis is a rare benign vas-
cular tumor. It is usually confined to the pelvic veins
and has been found even less frequently with intra-
cardiac extension. Intravenous leiomyomatosis was
first described in 1896, with the first report of
intracardiac extension of the leiomyomatosis in
1907 from autopsy analysis.1-3 We report a case of
intravenous leiomyomatosis with intracardiac exten-
sion and an alternative surgical approach.
CASE REPORT
A 48-year-old white woman was seen by her primary
physician approximately 6 months before diagnosis. She
had exertional shortness of breath, recurrent palpitations,
and dizziness. She had previously been in excellent health
before the onset of her shortness of breath. She was a non-
smoker with no history of hypercoagulable states, deep
vein thrombosis, weight loss, or cancer. Past surgical his-
tory was significant for a hysterectomy for benign uterine
leiomyoma approximately 31⁄2 years before admission. The
results of an electrocardiogram and an echocardiogram
performed 6 months before admission were normal.
Hypertension subsequently developed, and she under-
went a renal ultrasound scan that demonstrated a mass in
the inferior vena cava (IVC). Computed tomography
(CT) scan of the chest and abdomen and a trans-
esophageal echocardiogram (TEE) were obtained. A CT
showed a mass in the IVC from the level of the renal veins,
extending into the right atrium and ventricle (Fig 1). A
TEE demonstrated an enlarged right atrium with a large
serpiginous mass extending into the ventricle with no dis-
crete point of attachment. Venography was then per-
formed and showed an intraluminal filling defect from the
level of the L2 vertebra to the atrium (Fig 2), without
occlusion of the IVC. The mass appeared to be attached
to the IVC around the level of the renal veins. The patient
was taken to the operating room and underwent an
anterolateral thoracoabdominal incision with mobilization
of the ascending colon. This was done by incising the lat-
eral peritoneal attachments and the duodenum (a Kocher
maneuver). The surgical approach is depicted in Fig 3.
The right ovarian vein was dilated, was filled with tumor,
and was in continuity with the IVC mass. The IVC was
then mobilized by ligation of several lumbar veins, and
vascular control was obtained inferiorly, below the level of
the tumor, and superiorly, below the renal veins with a ves-
sel loop encircling the tumor-filled vena cava. The IVC
was mobilized adequately to allow for more superior
placement of the vessel loop, if necessary. The right ovary
and ovarian vein were excised en bloc. The excised portion
appeared rubbery and smooth and did not appear to be
friable. The intracaval mass was noted to be firm to palpa-
tion but freely mobile within the vena cava. An elliptical
incision was made at the junction of the ovarian vein into
the IVC. The tumor was adherent to the vena cava just at
the junction with the ovarian vein, but was freely mobile
after excision of a small ellipse of cava. We decided to
extract the tumor without sternotomy, but with cardiac
surgery on standby. The tumor was then gently delivered
through the venotomy with TEE guidance without diffi-
culty. Postextraction TEE confirmed complete removal of
the tumor. Blood loss was less than 100 cc because of
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cephalad control with a vessel loop around the tumor-
filled IVC. A small additional segment of vena cava was
debrided and excised to normal-appearing tissue, and the
vena cava was primarily repaired. The mass was firm and
rubbery in texture without any evidence of friable tissue or
tumor clot (Fig 4). The intracaval and intracardiac por-
tions of the tumor measured approximately 31 cm in
length with varying widths. Final pathology confirmed the
diagnosis of intravenous leiomyomatosis. Histopathology
also confirmed a tumor identical to the excised uterine
leiomyoma from 31⁄2 years earlier. The patient tolerated the
procedure well and was discharged home on the sixth
postoperative day. She continues to do well at 6 months’
follow-up with no residual tumor and no recurrent cardiac
symptoms.
DISCUSSION
Intravenous leiomyomatosis is an uncommon,
benign, well-differentiated tumor that may behave
in a malignant fashion resulting from venous
obstruction or cardiac irritability. The tumor is con-
fined to the vascular channels in contradistinction to
benign metastasizing leiomyoma. Although histo-
logically benign, the tumor may recur or cause fatal-
ities that result from venous obstruction and cardiac
involvement if not totally excised. Intravenous
leiomyomatosis was first identified in 1896 by Birch-
Hirschfeld.1 Durck2 and Hormann3 reported the
first cases of intracardiac extension of the intra-
Fig 1. CT scan of the chest demonstrates an intracardiac mass. CT, Computed tomography.
Fig 2. Inferior venocavogram shows an intraluminal filling defect that appears to be adherent
to the caval wall below the level of the hepatic veins.
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venous leiomyomatosis in separate reports in 1907.
The first report in English was not until 1959, by
Marshall and Morris.4
This disorder is seen exclusively in women, many
of whom have undergone previous hysterectomies
for uterine leiomyoma. The mean age of a patient
with intravenous leiomyomatosis with cardiac exten-
sion in the collected series is 48 years (Table).5-36
Intravenous leiomyomatosis is most commonly seen
in the fifth decade in white women with a history of
previous pregnancies. A review of the collected series
demonstrates that 64% of the women had under-
gone previous hysterectomies, with a range of 6
months to 20 years before presentation with the
intravenous portion of the tumor. Seventy-six per-
cent of the women were postmenopausal; nine per-
Fig 4. A large, smooth mass with varying widths is seen after extraction from the IVC. IVC,
Inferior vena cava.
Fig 3. Illustration of surgical approach. A, The patient is positioned for an anterolateral
approach. B, After reflection of the ascending colon and duodenum, the IVC is identified. C,
Vascular control was obtained with a vessel loop superiorly and a vascular clamp inferiorly. D,
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cent had an unknown menopausal status.
Presentation is usually related to signs of increased
venous obstruction or decreased venous return to
the heart. Only two patients in the collected series
did not have primary cardiac symptoms: one had
abdominal pain,30 and one had a cerebrovascular
accident resulting from patent foramen ovale in
combination with the tumor.32 The tumors may also
be present with sudden death.2,3,8,23,36 Unfortunate-
ly, because of its rarity, this disorder is frequently mis-
diagnosed preoperatively.
There are two main theories as to the etiology of
these tumors.5,37 The first theory maintains that the
tumor arises from the vein wall, whereas the second
theory suggests that the tumor results from vascular
invasion of the myometrium by a leiomyoma.
However, the exact etiology of these tumors remains
unknown. The tumor is typically a serpiginous,
smooth, solid mass that spreads from the uterine,
ovarian, or hypogastric vessels, eventually reaching
the IVC and the right atrium.
Differential diagnosis involves primary cardiac
tumors, including atrial myxoma, tumor thrombus
from other intra-abdominal tumors such as renal cell
carcinomas, and primary caval tumors. However,
with appropriate preoperative imaging studies, the
diagnosis should become more clear.
Because most of the symptoms are related to the
cardiac system, echocardiography and electrocardio-
gram are frequently the initial studies performed.
Cleveland et al13 have found that although left atri-
al tumors are essentially exclusively atrial myxomas,
right atrial masses are atrial myxomas in only 43% of
cases. When a right atrial mass is identified, diagnos-
tic studies should also include venography; CT scan
of the chest, abdomen, and pelvis; and trans-
Collective review of patients with cardiac extension of intravenous leiomyomatosis
Previous Cardiac 
Author/y Age (y) hysterectomy OR approach Excision Survival extension
Norris, 19755 55 No — Partial — RA/RV
Tierney, 19806 42 Yes (2 y) CPB, hypothermia Partial 1 y RA/RV
Timmis, 19807 46 Yes (21⁄2 y) Sternotomy Partial — RA
Bahary, 19828 66 Yes (6 mo) — — Death RA
28 Yes (1 y) CPB–attempt from above — Death RA/RV
Nili, 19829 28 Yes (1 y) CPB–attempt from above Total Death RA/RV
Ariza, 198210 62 No Sternotomy, delayed lap Total 6 mo RA
Maurer, 198211 52 Yes (15 y) Sternotomy Partial — RA/RV
Cameron, 198312 44 Yes (2 y) CPB, delayed lap Total 18 mo RA
Cleveland, 198313 53 — Hypothermia, combined Total — RA
Iverson, 198314 51 Yes (7 y) Hypothermia, combined Total 1 y RA/RV
Basso, 198415 65 Yes (17 y) CPB, delayed lap Total 1 y RA/RV
Politzer, 198416 46 No Sternotomy, delayed lap Partial — RA/RV
Gonzalez-Lavin, 198417 65 Yes (17 y) CPB, delayed lap Total 1 y RA/RV
Mazzola, 198618 44 Yes (4 y) Hypothermia, delayed lap Total 10 mo RA/RV
Shida, 198619 42 Yes (5 y) Sternotomy Partial 3 yr RA
(Same patient) Hypothermia, combined Total 8 mo RA
Garcia, 198620 26 No CPB, delayed lap Total — RA/RV
Schlosser, 198721 34 No CPB, delayed lap Total — RA/RV
Stegmann, 198722 53 Yes (10 y) CPB, delayed lap Total 6 mo RA/RV
Roman, 198723 43 Yes (2 y) — — Death RA/RV
Rosenberg, 198824 49 Yes (4 y) Hypothermia, delayed lap Total 1 y RA/RV
Kaszar-Seibert, 198825 42 No CPB, delayed lap Total — RA/RV
Payan, 198926 69 Yes (20 y) CPB, delayed lap Total 3 y RA
Suginami, 199027 72 No Sternotomy, delayed lap Total — RA
Lee, 199028 38 Yes (2 y) Combined Total 3 y RA
Fukaya, 199129 37 No CPB, delayed lap Total 2 y RA/RV
Cooper, 199230 57 Yes (10 y) Hypothermia, combined Total — RA
Podolsky, 199331 35 No CPB, combined Total — RA/RV
To, 199332 54 No CPB, delayed lap Total 4 y RA/RV
Okamoto, 199433 48 Yes (8 y) Hypothermia, combined Total — RA
Nakayama, 199434 54 Yes (10 y) CPB, combined Total 4 y RA/RV
Casillas, 199735 48 No CPB, delayed lap Total 10 mo RA/RV
Harris, 1999 48 Yes (3 y) Single stage– extraction from Total 6 mo RA/RV
abdomen
Combined, Laparotomy performed simultaneously with sternotomy for tumor extraction; CPB, cardiopulmonary bypass; delayed lap,
laparotomy performed at a separate date after removal of the intracardiac portion through amputation of the tumor at the junction of
the IVC with the atrium; hypothermia, hypothermic circulatory arrest; RA, right atrium; RV, right ventricle.
esophageal echocardiography to further delineate
the extent and attachments of the tumor.
Transesophageal echocardiography will document
an intracardiac mass with right atrial and possibly
right ventricular involvement with no site of attach-
ment demonstrable. It should also demonstrate
extension of the mass from the IVC, thereby ruling
out primary cardiac tumors and prompting further
studies. Atrial myxomas should have an identifiable
site of intracardiac attachment by TEE.
Alternatively, echocardiography may reveal no
abnormalities whatsoever when the mass is confined
to the IVC. In a patient at risk for intravenous
leiomyomatosis who has a normal result from an
echocardiogram, further evaluation of the IVC
should also be undertaken. The inferior vena cavo-
gram will help to delineate the extent of tumor and
at times may demonstrate the origin. If venography
and CT show that the tumor adheres to the vena
cava, this increases the likelihood of malignant
leiomyosarcoma. Venography may also aid in identi-
fying the site of origin for the entrance of intra-
venous leiomyomatosis into the IVC, thereby
improving the surgical plan for inferior control of
the vena cava or iliac veins. The CT scan is useful in
ruling out other tumors with caval involvement,
such as renal cell carcinomas. Uterine leiomyomas
may be visible in patients who have not previously
had a hysterectomy. Differentiating between benign
intravenous leiomyomatosis and primary leiomyo-
sarcoma may still be difficult. Primary leiomyosarco-
ma may demonstrate a distinct site of attachment to
the IVC, as shown in venography or a CT scan.
Intraoperative assessment of the attachment of the
tumor to the IVC, as well as a history of uterine
leiomyomas, may also aid in differentiating the
malignant leiomyosarcoma from the benign intra-
venous leiomyomatosis. With newer imaging modal-
ities, magnetic resonance venography or CT angiog-
raphy could replace conventional venography and
CT scans for the preoperative evaluation of these
tumors.
Successful therapy for this tumor involves total
excision of the tumor. Excision of the cardiac por-
tion only will result in recurrences that require fur-
ther surgery or will result in death; such an excision
should be avoided.5,6,12,19 The first successful
extraction of the intracardiac portion of the tumor
was reported in 1980 by Timmis et al.7 All previ-
ously reported intracardiac involvements were fatal.
However, this resection resulted in a residual tumor
in the IVC. The first successful total resection was
reported in 1982 by Ariza et al10; there was a
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delayed laparotomy after resection of the intracar-
diac portion of the tumor. Since that time, several
approaches have been reported for complete
removal of the intravenous leiomyomatosis with
intracardiac extension. The approaches include
either a staged or single operation with cardiopul-
monary bypass graft or hypothermic circulatory
arrest and total excision of the tumors.5-35 Reports
of attempted removal of the entire tumor from a
sternotomy incision alone have been uniformly
unsuccessful and fatal, resulting in death from exsan-
guination.8,9 We are the first to report a single-stage
procedure with total excision of the tumor without
the need for cardiopulmonary bypass graft or
hypothermic arrest, by approaching the tumor from
its site of attachment within the abdomen. The
attachment site for intravenous leiomyomatosis is
always intra-abdominal. The site of attachment may
include ovarian veins or hypogastric veins and their
entrance into the iliac vein or the IVC. Although we
approached the tumor with a thoracoabdominal
incision, adequate exposure could have been
obtained with a purely abdominal incision. This type
of approach is not suitable for all intracaval tumors
because of the risk of tumor thrombus embolization
or tumor fracture. However, the nature of the intra-
venous leiomyomatosis is such that these tumors are
smooth, rubbery tumors without a predilection for
tumor thrombus. If there is uncertainty as to the
type of tumor or the presence of tumor thrombus or
a friable tumor, a combined approach with median
sternotomy is certainly warranted. A combined
approach with median sternotomy is also recom-
mended for patients with renal cell or adrenal
tumors with intracaval and intracardiac extension
because of the high risk for tumor fracture or
embolization of tumor thrombus. In the case pre-
sented, renal and adrenal tumors had previously
been excluded, the tumor was clearly freely mobile
within the vena cava except for the site of entrance
of the ovarian vein, and there was clearly no 
intracardiac attachment by TEE.
Intravenous leiomyomatosis should be consid-
ered in young women with cardiac symptoms and a
right-sided intracardiac mass. The level of suspicion
should be increased for women with previous hys-
terectomies for leiomyomas or with pelvic masses.
Appropriate preoperative diagnostic testing should
be performed to allow for proper surgical planning.
Total excision of the tumor is necessary to prevent
recurrences and possible fatalities and should be per-
formed in a single or staged procedure. Attempts at
removal of the tumor entirely from a sternotomy
JOURNAL OF VASCULAR SURGERY
Volume 31, Number 5 Harris and Karakousis 1051
without control of the caval attachment site should
be avoided. In all of the reported cases in the litera-
ture, this tumor is described as a firm rubbery mass
without tumor thrombus or regions of friable tissue.
This case shows that intravenous leiomyomatosis
with cardiac extension can be safely removed with-
out the need for cardiac bypass surgery or circulato-
ry arrest and in a single-stage procedure from the
site of caval attachment. Intraoperative visualization
of the intracardiac portion of the tumor is important
at the time of extraction with TEE.
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